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Introduction
 The development and reﬁnement of microvascu-
lar surgical techniques have improved the 
reported overall success rates to between 94 and 
99%1–6 ; however, rare complications may still 
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however, rare complications may still prove devastating.  This study reviewed 213 consecutive free-
tissue transfers in order to assess the incidence and causes of complications in patients undergoing 
microvascular free ﬂap reconstruction in the oral and maxillofacial region.  In most cases, recon-
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prove devastating1.  Complications of microvascu-
lar free tissue transfer can be classiﬁed into recipi-
ent site or donor site complications, and a number 
of authors have reported factors associated with 
the development of such complications1–12.  When 
vascular thrombosis is detected, surgical re-explo-
ration is undertaken to salvage the ﬂap.  However, 
successful salvage rates vary widely from 28 to 
90%6,10–13.  Failure of the ﬁrst ﬂap typically indi-
cates that secondary salvage reconstruction must 
be challenging14.  There is a wide choice of donor 
sites available for free tissue transfer2 and possi-
ble donor site morbidity is an important determi-
nant for the selection of a speciﬁc reconstructive 
procedure.  This article investigates the reliability 
and complications associated with microvascular 
free tissue transfer in oral and maxillofacial 
reconstruction through an analysis of 213 consecu-
tive cases.
Patients and Methods
 A total of 213 consecutive free ﬂap procedures 
were performed in 213 patients (155 men, 58 
women; age range, 16–80 years) for reconstruction 
of defects in the oral and maxillofacial region.  The 
surgeries were performed at the Department of 
Maxillofacial Surgery, Tokyo Medical and Dental 
University in Tokyo (from February 1987 to 
August 2005) and at the Department of Oral and 
Maxillofacial Surgery, Saitama Cancer Center 
(from June 2001 to February 2003).
 In the majority of cases, reconstruction was 
undertaken after extensive resection of a malig-
nant tumor (n=208 ; 97.7%).  The most common 
tumor diagnosis was squamous cell carcinoma 
(n=187; 87.8%), followed by salivary gland carci-
noma (n=11; 5.2%).  These defects were recon-
structed immediately in 207 cases (97.2%) and as 
secondary reconstruction in 6 (2.8%) (Table 1).
 Sixty percent of the defects involved the tongue 
and the ﬂoor of the mouth, 23% involved the man-
dible, and 7% involved the oropharynx.  Radial 
forearm ﬂaps were employed most often, with the 
main indication being reconstruction after partial 
or hemi-glossectomy.  In addition, rectus abdomi-
nis myocutaneous ﬂaps were used to reconstruct 
extensive soft-tissue defects after subtotal or total 
glossectomy.  For the cases involving hard tissue 
reconstruction, scapula osteocutaneous ﬂaps were 
applied for 12 mandibular reconstructions and 1 
maxillary reconstruction.  In 47 composite defects 
of the mandible, reconstruction was performed 
using a reconstruction plate covered with a soft-
tissue free ﬂap.  In one case in which the inferior 
epigastric artery could not be identiﬁed under the 
rectus abdominis muscle due to anatomical anom-
aly, a latissimus dorsi myocutaneous ﬂap was 
used as an alternative ﬂap.  The free ﬂaps selected 
for reconstruction are listed in Table 2.
 The recipient artery and vein selected in each 
case are shown in Table 3.  The superior thyroid 
artery and the external jugular vein were com-
monly used as recipient vessels for anastomosis. 
Two venous anastomoses were performed in 8 
ﬂaps.  Interposition vein grafts were necessary in 
3 cases.  Almost all cases of microvascular anasto-
mosis of the artery and the vein were performed 
in an end-to-end fashion except for anastomosis to 
Table 1 Indications for free ﬂap reconstruction
Diagnosis
Immediate
reconstruction
Secondary
reconstruction
Total (%)
Squamous cell carcinoma
Salivary gland carcinoma
Sarcoma
Undifferentiated carcinoma
Odontogenic carcinoma
Ameloblastoma
Odontogenic myxoma
183
11
4
3
1
3
2
4
2
187
11
6
3
1
3
2
( 87.8) 
(　5.2) 
(　2.8) 
(　1.4) 
(　0.5) 
(　1.4) 
(　0.9) 
Total
(%)
207
(97.2)
6
(2.8)
213
(100.0) 
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the internal jugular vein.  Postoperative intrave-
nous administration of an antithrombotic agent 
and prostaglandin E1 was not routine, but pro-
vided only in those cases in which vascular throm-
bosis developed.  All 213 ﬂaps were non-buried 
and the perfusion assessment was performed 
through direct examination of ﬂap color, capillary 
reﬁll, and pinpricking.  Following surgery, ﬂaps 
were monitored every 2–3 hours for 12 hours, 
every 4–6 hours for 12 to 24 hours, every 6–8 
hours for 24 to 48 hours, and 3 times daily there-
after.
 Data including age, sex, diagnosis, radiotherapy, 
free ﬂap type, and vessels for anastomosis were 
analyzed retrospectively.  The main outcome mea-
sures were complications occurring within 30 days 
of surgery.  Complications were categorized as 
recipient site or donor site complications.
Results
Recipient site complications (Table 4)
 Postoperative vascular thrombosis occurred in 7 
cases (6 venous, 1 arterial), constituting 3.3% of 
the entire series.  Compromised donor sites 
involved the radial forearm in 4 cases, the scapula 
in 2 cases, and the rectus abdominis in 1 case, 
where 1 case had received preoperative irradiation 
(30 Gy).  Three of the 7 cases which developed cir-
culatory complications involved some medical 
problem such as diabetes or cataract.  Surgical re-
exploration was performed in the operating room 
in 4 of the 7 cases.  In 3 of these 4 cases, the recip-
ient vein did not provide adequate drainage. 
Proximal injury to the recipient vein was recog-
nized in one case.  In these 3 cases, alternate 
recipient veins were selected, 1 case of which also 
required a vein graft.  In the fourth case, involving 
arterial obstruction, anastomotic thrombosis was 
detected in the superior thyroid artery and the 
lingual artery was selected as the alternate recipi-
ent artery.  These 4 ﬂaps survived completely after 
revision of anastomosis.  In the seventh case, the 
ﬂap was noted to be pale 9 hours after surgery 
and a clot was found in a recipient vessel proximal 
to the anastomosis through direct examination of 
Table 2 Donor and recipient sites
Recipient
Donor
Tongue and Oral Floor
partial-hemi 
glossectomy
subtotal-total 
glossectomy
Mandible Oropharynx
Buccal
mucosa
Maxilla Skin Total(%)
Radial forearm
Rectus abdominis
Scapula 
Latissimus dorsi
4
48
67
9
23
15
12
8
8
6
5
1
2
1
1
1
2
111
88
13
1
( 52.1)
( 41.3)
(  6.1)
(  0.5)
Total
(%)
52
(24.4)
76
(35.7)
50
(23.5)
16
( 7.5)
12
( 5.6)
4
( 1.9)
3
( 1.4)
213
(100.0)
Table 3 Recipient vessels for anastomosis
Recipient arteries n (%) Recipient veins n (%)
Superior thyroid
Superﬁcial cervical
Facial
Lingual
Superﬁcial temporal
Unknown
139
32
27
12
1
2
( 65.3)
( 15.0)
( 12.7)
(　5.6)
(　0.5)
(　0.9)
External jugular 
Facial
Thyroid
Superﬁcial cervical
Internal jugular
Anterior jugular
Superﬁcial temporal
Unknown
188
20
4
4
1
1
1
2
( 85.0)
(　9.0)
(　1.8)
(　1.8)
(　0.5)
(　0.5)
(　0.5)
(　0.9)
Total 213 (100.0) Total 221 (100.0)
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the ﬂap vessels at the bed side.  Antithrombotic 
agents (heparin and urokinase) were immediately 
administered intravenously pending return to the 
operating room.  Consequently, ﬂap color improved 
before the reoperation and the ﬂap survived com-
pletely.
 Two cases of suspected venous thrombosis were 
ﬁrst noted by a blue ﬂap 26 and 72 hours postop-
eratively, respectively.  In the ﬁrst cases, detection 
of the thrombosis was too late for anastomosis 
revision due to a delirious state, and total ﬂap loss 
resulted.  In the second case, close monitoring of 
ﬂaps was not done after 48 hours postoperatively.
 The rate of successful salvage of vascular com-
promised ﬂap by urgent surgical procedure was 
100%.  Five ﬂaps were salvaged by surgical re-
exploration or thrombolytic therapy, resulting in a 
71.4% successful salvage rate in cases of vascular 
complications (Table 5).  The overall free ﬂap suc-
cess rate was 99% in this series.
 Total ﬂap loss occurred in 2 cases.  Here, debri-
dement of the necrotic ﬂap alone was performed; 
in 1 case with a comparatively small defect of the 
oral ﬂoor, surgical intervention was not required 
since there was no leakage, and in the other case, 
prosthetic rehabilitation improved speech and 
swallowing function.  Partial flap necrosis 
occurred in 5 cases (4 rectus abdominis myocuta-
neous ﬂap, 1 scapula osteocutaneous ﬂap).  Con-
servative treatment was successful in all cases of 
partial ﬂap necrosis.
 The most common complication of the recipient 
site was wound dehiscence (n=31; 14.6%), followed 
by wound infection (n=27 ; 12.7%) and necrosis of 
residual tissue (n=16 ; 7.5%).  These cases were 
treated successfully with local wound care, debri-
dement, and intravenous antibiotic agent.  Three 
cases required re-operation to evacuate cervical 
hematoma (n=3 ; 1.4%).
Donor site complications (Table 6)
 Complications at the donor site occurred in 17 
cases.  One case developed an abdominal hernia 
after harvest of a rectus abdominis myocutaneous 
ﬂap.  Infection of the donor site developed a few 
days after surgery but was controlled easily.  How-
ever, the lower abdominal sheath had gradually 
sagged and revision surgery was performed at the 
Department of Digestive Surgery.  Anterior sheath 
dehiscence occurred in 2 cases.  Following harvest 
of a radial forearm ﬂap, 10 cases (9.0%) showed 
partial skin graft loss over the ﬂexor tendons, 1 of 
which required a second split-thickness graft.  In 
the remaining cases, wounds healed by secondary 
intention following conservative treatment.  Two 
cases showed decreased range of shoulder motion 
after harvest of a scapula osteocutaneous ﬂap.
 One patient died due to pulmonary thrombosis 
15 days after the surgery, resulting in a surgical 
mortality rate of 0.5%.  This patient did not 
develop circulatory compromise at the microvascu-
lar anastomosis.
Discussion
 We reviewed 213 consecutive free-tissue trans-
fers, and the overall ﬂap success rate was 99% 
eventually.  There were 7 cases of postoperative 
vascular thrombosis, constituting 3.3% of the 
Table 4 Recipient site complications
No. of cases Incidence, %
Vascular thrombosis
(6 venous, 1 arterial)
Total ﬂap loss
(1 radial forearm, 1 scapula)
Partial ﬂap loss
(4 rectus abdominis, 1 scapula）
Wound infection
Wound dehiscence
Necrosis of residual tissue
Cervical hematoma
7
2
5
27
31
16
3
3.3%
0.9%
2.3%
12.7%
14.6%
7.5%
1.4%
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entire series.  Five ﬂaps were salvaged, represent-
ing a 71.4% successful salvage rate in cases of vas-
cular complications.  Donor site complications 
occurred in 17 cases (8.0%).
Choice of ﬂap
 There is a wide choice of donor sites available 
for free tissue transfer.  In the present series, the 
major donor sites were the radial forearm and the 
rectus abdominis because of ease of dissection, 
availability of a long large caliber pedicle, and a 
low incidence of donor site morbidity.  Our selected 
criteria and reconstructive strategy for free ﬂaps 
are as follows : 
 (1)  The radial forearm ﬂap is the ﬂap most fre-
quently used for reconstruction of intermedi-
ate defects (e.g., partial or hemi glossec-
tomy).  We have found that the thin and 
pliable radial forearm ﬂap helps to preserve 
tongue remnant mobility.
 (2)  The rectus abdominis myocutaneous ﬂap is 
the ﬁrst choice for reconstruction with a 
voluminous ﬂap, when the defects are exten-
sive (e.g., subtotal or total glossectomy). 
Flap bulk decreases the volume of the oral 
cavity, and allows contact with the soft and 
hard palate, thereby improving speech and 
swallowing function.  Moreover, the rectus 
abdominis myocutaneous ﬂap is useful for 
the reconstruction of complex or extensive 
full-thickness defects in the oral and maxillo-
facial region18.
 (3)  We have used scapular osteocutaneous ﬂap 
for hard tissue reconstruction because of the 
rich vascularity of skin paddle and bones 
even after multiple osteotomy.  However, 
reconstruction with a vascularized bone ﬂap 
is a relatively invasive procedure for elderly 
patients due to the lengthy operating time 
involved and the need for postoperative 
rehabilitation.  For cases after mandibular 
resection, the combination of a reconstruc-
tion plate and soft tissue ﬂap is useful for 
these patients.
Selection of recipient vessels
 The selection of recipient vessels that are suit-
able for microvascular anastomosis is one of many 
considerations essential for successful free tissue 
transfer.  Multiple options exist in the head and 
neck for both arterial and venous anastomosis20. 
In the neck, the common facial trunk, superior 
thyroid and superﬁcial cervical arteries offer a 
wide choice of vessel size matching and pedicle 
geometry options.  Similarly, the multiple 
branches of the internal jugular vein provide a 
range of choice to the surgeon.  After radical neck 
dissection in which the internal jugular vein is 
sacriﬁced, the external jugular vein might be the 
most suitable recipient vessel.  In our series the 
external jugular vein was commonly used as a 
recipient vein, because it is a reliable vein with 
sufﬁcient perfusion and a similar caliber to many 
donor vessels.  Chalian et al.21 concluded that free 
ﬂaps anastomosed to the external jugular vein 
failed at a signiﬁcantly higher rate than those 
anastomosed to the internal jugular system; how-
ever, the present series suggests that the external 
jugular vein can be used as a reliable recipient 
vessel when feasible.
Table 6 Donor site complications
Flap and complication No. of cases Incidence, %
Rectus abdominis myocutaneous ﬂap
abdominal hernia
infection
wound dehiscence
Radial forearm ﬂap
partial loss of skin graft
Scapula osteocutaneous ﬂap
limitation of shoulder motion
1
2
2
10
2
1.1%
2.3%
2.3%
9.0%
15.4%
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Vascular thrombosis
 On every occasion when microvascular anasto-
mosis is performed, the potential for vascular 
thrombosis exists.  Careful postoperative monitor-
ing is important because most cases of vascular 
thrombosis occurred within the ﬁrst two postoper-
ative days.  Brown et al.8 recommend hourly 
observations of the ﬂap for 24 hours after surgery, 
followed by 4-hourly monitoring until 48 hours.  In 
our series, most of the successful salvage attempts 
were made within 24 hours of the end of the initial 
operation.  Two of 7 ﬂaps with circulatory compli-
cations were not monitored closely due to a deliri-
ous state and inattention after 2 days postopera-
tively, resulting in total ﬂap loss.  A variety of 
techniques have been used to monitor the perfu-
sion of free ﬂaps.  However, most units still rely on 
simple observation of the transferred tissue.  A 
non-buried ﬂap assessment can be done through 
direct examination of tissue color, capillary reﬁll, 
turgor, and temperature22,23.  Pinpricking is 
always helpful in clarifying the vascularity of 
ﬂaps22.
 Surgical re-exploration of compromised ﬂaps 
increased the ﬂap survival rate from 97 to 99% in 
this series.  All ﬂaps which were re-explored for 
vascular compromise were salvaged successfully. 
Previous studies have reported ﬂap salvage in the 
range of 28 to 90%6,10–13 of patients returned to the 
operating room for exploration.  These lower rates 
of salvage may be due to excessive ischemia prior 
to restoration of ﬂap blood ﬂow.  Hidalgo et al.13 
demonstrated that an aggressive approach to 
exploration was responsible for an increase in ﬂap 
survival from 90 to 98%.  We also conclude that 
surgical correction is the ﬁrst choice for manage-
ment of vascular compromised ﬂap.
 There was a 0.9% incidence of total ﬂap loss and 
a 2.3% incidence of partial ﬂap loss in this series. 
Other series involving microvascular head and 
neck reconstruction have reported similar results1. 
Shah et al.24 reported a 29% incidence of partial 
necrosis in head and neck reconstruction using a 
pectoralis major ﬂap.  The incidence of partial ﬂap 
necrosis is consistently reported to be higher for 
pedicled myocutaneous ﬂaps than for free ﬂaps25, 
and this very low incidence in free ﬂaps may be 
due to their high vascularity.  In the present 
study, the ﬂaps which developed in partial necro-
sis were not too large (7× 12 cm to 8× 13 cm) in 
comparison to non-compromised ﬂaps.  We dis-
cussed whether there are any other causes to 
induce partial ﬂap necrosis, however, we could not 
identify the factors.
 Previous series have reported a number of fac-
tors that may be associated with an increased risk 
of free ﬂap failure in patients undergoing head 
and neck reconstruction1–12,23.  Some authors have 
reported an increased risk of ﬂap failure in 
patients undergoing hard tissue reconstruction 
compared with soft tissue reconstruction1,26.  In 
the present series, a similar phenomenon was 
observed.  The incidence of circulatory complica-
tion in 13 cases of scapular osteocutaneous ﬂap 
was 15.4% compared with 2.5% in 200 soft tissue 
ﬂaps.  However, in one of our cases venous throm-
bosis developed after a scapular osteocutaneous 
ﬂap was created for mandibular reconstruction 
and clearly resulted from proximal injury to the 
recipient vein.  Other factors that have been 
reported to increase the risk of free ﬂap complica-
tions include vein graft2,9, patient age3, operating 
time3, cigarette smoking5, preoperative irradia-
tion7, history of surgery1, obesity2, and weight 
loss5.  In analyzing 854 free ﬂaps, Kroll et al. 
reported that smoking status, age, and previous 
irradiation had no signiﬁcant effect on ﬂap failure 
rate2.  In this series, we found no factors that may 
increase the risk of vascular thrombosis.
Donor site morbidity
 The radial forearm ﬂap is a reliable ﬂap and is 
widely used for reconstruction of various defects 
in the oral and maxillofacial region.  However, the 
donor site poses potential problems including skin 
graft failure, delayed wound healing, and subse-
quent dysethesia in areas distal to the harvested 
ﬂap.  Richardson et al.27 reported that partial skin 
graft loss occurred in 14 (16%) of 103 radial fore-
arm ﬂap reconstructions.  There is a high inci-
dence of tendon exposure following partial graft 
loss.  Most wounds heal by secondary intention 
following conservative treatment with dressing. 
In our series, only one case required a second 
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split-thickness graft.  By using the simple supra-
fascial dissection technique, the deep fascia of the 
forearm is preserved, which not only prevents ten-
dons from tenting, but also provides an optimal 
bed for the skin graft28.
 The rectus abdominis myocutaneous ﬂap has a 
wider applicability for complex head and neck 
reconstruction.  One of the main problems is post-
operative incompetence of the abdominal wall. 
Postoperative abdominal hernia was observed in 
only one of our cases.  Other reports also demon-
strate a low incidence of hernia19.  Hernia can be 
prevented by harvesting a minimal amount of the 
anterior rectus sheath and rectus muscle.
 The scapula osteocutaneous ﬂap is particularly 
advantageous in patients requiring a large surface 
area of soft tissue to restore their defect29, and the 
bone is of adequate stock and length for most 
mandibular reconstructions.  There are some, 
albeit minimal, limitations in shoulder function 
after harvest of a scapula osteocutaneous ﬂap.
Conclusion
 In the present study, we conﬁrm that free ﬂaps 
are extremely reliable in achieving successful 
reconstruction in the oral and maxillofacial region. 
The recipient and donor site morbidity was limited 
and acceptable.  Although a non-buried ﬂap 
assessment can be done through direct examina-
tion of tissue color, capillary reﬁll and pinpricking, 
accurate monitoring must depend on the physi-
cian’s experience to identify the initial signs of 
ﬂap complications.  Optimum routine monitoring 
methods should be simple.  Once vascular throm-
bosis occurs, early detection and urgent surgical 
re-exploration is essential.
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